Among the aphids associated with wheat and other winter cereals, Rhopalosiphum padi (L.) is currently the predominant species in the wheat growing region of southern Brazil. The damage caused by this aphid occurs by direct feeding and/or by the transmission of pathogenic viruses, such as the Barley /Cereal yellow dwarf virus. In order to estimate the direct damage caused by R. padi on wheat, we evaluated the population growth of this aphid during the tillering and elongation stages and its effects on grain yield components. The experiment was conducted in a screenhouse with three wheat cultivars (BRS Guabiju, BRS Timbaúva, and Embrapa 16). The effect of a period of 16 days, starting from an infestation of 40 aviruliferous aphids/plant, was evaluated and compared to non-infested plants. In both stages, the population growth of R . padi was lower on the BRS Timbaúva. Although infestation caused a reduction in the grain yield of the three cultivars, this effect was lower for BRS Timbaúva. The cultivar Embrapa 16 supported higher infestations and was more tolerant to damage than the BRS Guabiju.
Introduction
Aphids are important pests of wheat as they cause direct (feeding) and indirect damages by vectoring viruses that cause yellow dwarf in winter cereals (Barley yellow dwarf virus-BYDV and Cereal yellow dwarf virus-CYDV) (Gassen 1984 , Salvadori 2000 , Salvadori & Tonet 2001 , Parizoto et al 2013 .
The most common and economically important aphid species associated with wheat in Brazil are the rose grass aphid, Metopolophium dirhodum (Walter), the greenbug, Schizaphis graminum (Rondani), the grain aphid, Sitobion avenae (Fabricius), and the bird cherry-oat aphid, Rhopalosiphum padi (Linnaeus) (Salvadori & Tonet 2001 , Salvadori & Salles 2002 , Salvadori et al 2006 . Rhopalosiphum maidis (Fitch), Rhopalosiphum rufiabdominalis (Sasaki), Sipha maydis (Passerini), and Sipha flava (Forbes) are less frequent, but they also have some economic impact (Pereira et al 2008 , Parizoto et al 2013 .
The current population profile of wheat aphids differ from that of the past decades . In recent years, R. padi has become the most frequent species on this crop, and is abundant throughout all developmental stages of wheat plants (Salvadori & Tonet 2001 , Parizoto et al 2013 .
The intensity of the damage caused by R. padi on wheat varies depending on several factors. Among them, we highlight the growth stages of wheat, influenced by the number of aphids per unit of time (aphid-days) (Kieckhefer & Kantack 1988) , where the initial stages are more susceptible to injury (Voss et al 1997 , Gomes et al 2008 . Recently, it was found that the Brazilian commercial wheat genotypes have different levels of resistance to R . padi (Peruzzo et al 2007) . However, due to a lack of specific knowledge, the recommendations for aphid control on wheat are broad and do not take into account the effects that different plant genotypes have on pest population growth (RCBPTT 2010) .
In here, we quantified the population growth of R. padi and its effect on the yield components of three wheat cultivars with different levels of resistance, when infested during two growth stages of the plant.
Material and Methods
Two experiments were conducted at the National Wheat Research Center-"Embrapa Trigo" in Passo Fundo, RS, Brazil, from June to November, 2009. In these experiments, the population growth of R. padi was evaluated using distinct sets of plants. In one of them, infestation occurred only in the tillering stage and in the other only in the elongation stage, corresponding, respectively, to the phenological stages four and six in the Feek scale modified by Large (1954) . In both experiments, three wheat cultivars produced by the breeding program of "Embrapa Trigo", with different levels of resistance to R. padi were evaluated (BRS Guabiju and Embrapa 16-susceptible and BRS Timbaúva-resistant) (Peruzzo et al 2007 , Cezare et al 2011 . A set of 10 pots (replicates) was infested with 40 aviruliferous aphids/plant for each cultivar. The population was allowed to grow for a period of 16 days. Another set of 10 non-infested pots served as control in order to measure the yield potential of each cultivar, in the same conditions in which these experiments were conducted.
The experiments were carried out in a screenhouse and the 7.5 L experimental units (24 cm high × 35 cm in diameter). The soil was fertilized with 250 kg ha −1 of the formula 5-25-25 (N-P 2 O 5 -K 2 O), and seeds were treated with the fungicide difeconazole (15%) at a dose of 2 mL/kg of seeds. Sixteen seeds were sown on the soil surface and then covered with 2 cm of sieved soil. Ten days after emergence, the weeds were eliminated, and the wheat plants were thinned out. Four evenly spaced plants were left per experimental unit. The insects used in the experiment were collected in the field and kept on oat plants (Avena strigosa). To obtain aviruliferous aphids, recently born nymphs were collected just before they were posited onto the host plant and were transferred to healthy oat plants. Two weeks before the infestation, the insects were transferred to wheat cultivars to be evaluated, in order to become acquainted with their hosts. Adults and last instars were used in the experiments. When plants reached the desired phenological stage, they were identified, infested, and individually protected in cylindrical cages (55 cm high × 7 cm in diameter) made of transparent acetate. They had a top and two side openings covered with a fine mesh fabric for ventilation.
To assess the population growth of R . padi, the number of individuals per plant were evaluated every 48 h. At the end of the 16-day period, the cages were removed, and the plants were sprayed with the insecticide dimethoate (50%) diluted in water (1 mL/L) to eliminate the aphids. Thereafter, the plants were systematically and preventively sprayed with the fungicides propiconazole and tebuconazole (1 mL/L) to control fungal diseases. The wheat plants remained in the screenhouse until harvesting, when the number and grain weight and thousand kernels weight were determined for each experimental unit.
The statistical analysis was performed using the software Assistat (Silva & Azevedo 2009). For each phenological stage, the population growth curves of R . padi on the cultivars were compared using the confidence interval (95%), calculated for each evaluation (days after infestation). The significance of the effect of populations of R . padi on grain weight, grain number, and thousand kernels weight, for each cultivar, was performed by ANOVA and means subjected to comparisons by the Tukey test (α=5%) using the relative loss [Loss%=(control plant − infested plant) / control plant*100] observed in each variable.
The aphid-day was estimated for the 16-day period. As aphid population increased over time in the present study, better estimation of aphid-days were obtained by the equation proposed by Campbell & Madden (1990) . In this way, the areas under the curve of population growth (AUCPG) were calculated based on the sum of the areas for different time intervals throughout this period, using the following formula:
Where y i =number of aphids in the ith observation, t i = time in the i th observation, and n = total number of observations.
Results and Discussion
Population growth of R . padi At the tillering stage, the lowest population growth of R. padi was observed on the BRS Timbaúva, which differed from other cultivars from the eighth day after infestation (Fig 1a) . The colonies formed by R. padi on BRS Guabiju and Embrapa 16 showed similar growth, being higher on Embrapa 16 only by the sixteenth day. In the elongation stage, the BRS Timbaúva presented the smallest aphid population (significant statistical difference from the fourth day), maintaining this profile until the end of the evaluation period (Fig 1b) . From the eighth day, the population of R . padi on the Embrapa 16 was larger than on other cultivars, except for the BRS Guabiju on the sixteenth day after infestation. In both experiments, regardless of the phenological stage, the growth rate of R. padi was lower on the BRS Timbaúva, intermediate on the BRS Guabiju, and higher on the Embrapa 16.
The slower growth of R. padi on the BRS Timbaúva is an evidence of antibiosis (Painter 1951) . This result corroborates the findings of Cezare et al (2011) , who observed a decrease in fecundity of R. padi on this cultivar with respect to Embrapa 16. There are reports demonstrating antibiosis in wheat genotypes to R. padi, as these genotypes prolonged the developmental period and/or reduced the population growth rate of this aphid (Wiktelius & Pettersson 1985 , Razmjou et al 2012 . The antibiosis-type resistance, expressed by the smaller number of offspring per female of R. padi, was reported by other authors on wheat, rye, and triticale (Kieckhefer & Kantack 1980 , Hesler 2005 , Razmjou et al 2012 .
Yield
All tested cultivars presented a decline in grain production when compared with non-infested plants when infestation occurred at the stage of tillering. However, reduction in grain weight was lowest for the BRS Timbaúva (17.4% loss) (Table 1) , which may be due to the slower aphid population growth or to its greater tolerance to R. padi. The decrease in the weight of the grain of Embrapa 16 was 24.4%, contrasting with the weight of the BRS Guabiju grain, which showed the greatest reduction (30.0% loss).
The effect of aphids on the number of grains per spike followed the same pattern observed for grain weight. The most significant losses were observed for the BRS Guabiju (24.3%), followed by Embrapa 16 (20.2%), and the BRS Timbaúva (13.1%). Regarding the weight of thousand kernels, the BRS Timbaúva and Embrapa 16 cultivars were statistically similar, with losses of 6.6 and 6.8%, respectively. These cultivars differed from the BRS Guabiju, which showed the greatest reduction in the thousand kernels weight due to aphid infestation (9.5%).
As observed during tillering, the infestation in the elongation stage caused significant reduction in the grain yield of the three cultivars. The BRS Timbaúva had the smallest reduction in grain weight (damage of 24.9%), followed by Embrapa 16 (26.8%), and BRS Guabiju (32.2%) ( Table 2 ).
The effect of aphid infestation during the elongation stage on the number of grains (Table 2) , as happened for the tillering stage, was lower for the BRS Timbaúva, which decreased by 19.2%, differing from the other cultivars. The BRS Guabiju and Embrapa 16 were statistically similar, with a reduction of 30.5 and 28.6%, respectively.
For the variable weight of thousand kernels, the differences between cultivars became more pronounced (Table 2) . They all differed from one other, and the BRS Timbaúva was the least damaged (7.8% loss) when compared with Embrapa 16 (9.7%) and BRS Guabiju (13.3%).
The population growth of R . padi and the reduction in grain yield were consistently lower for the BRS Timbaúva in both experiments. The least damage suffered by this cultivar is mainly due to its ability to slow down the aphid population growth. The Embrapa 16 was more tolerant than then BRS Guabiju. Even though it allowed a greater aphid population growth, the former suffered a smaller reduction in grain yield.
Our results are consistent with those obtained by Peruzzo et al (2007) , who observed differences in grain yield among wheat cultivars infested with R. padi which was less pronounced on BRS Timbaúva than on BRS Guabiju. Tolerance to the aphid R. padi by the BRS Timbaúva with respect to the BRS Guabiju needs to be confirmed by specific assays comparing yields under infestation with the same number of insects.
Populations of R. padi were larger during elongation than during tillering, which can be explained by the higher carrying capacity of more developed plants. Although the comparison between absolute numbers suggests that aphid infestation during the elongation stage caused more damage than infestation during tillering, when the data were corrected for the number of aphids per time interval (aphid-day), the damage was slightly higher in the tillering than in the elongation stage, except for the BRS Timbaúva, the least damaged cultivar (Table 3) . Damage due to 100 aphid-days was around 1% reduction in grain weight per plant. The results of these experiments suggest that a deeper insight on the response of wheat cultivars to this species of aphid may lead to an adjustment in the aphid control levels recommended for each cultivar (RCBPTT 2010) . Population growth and loss in grain yield by R . padi were less significant on the BRS Timbaúva cultivar when compared with BRS Guabiju and Embrapa 16, when infestation occurred at the stages of tillering and elongation. The wheat cultivar Embrapa 16 is more tolerant than the BRS Guabiju to the damage caused by infestations of R. padi on the phenological stages of tillering and elongation.
The biochemical and physiological causes involved on this type of resistance need to be investigated. The knowledge of these characteristics may be helpful when used in wheat breeding programs in order to enhance the level of resistance/tolerance of new materials to R. padi. The adoption of aphid-resistant cultivars in wheat crops will be an important tool to be used in integrated pest management programs.
